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SUMMARY 
The presence of Ixoea uriae (Ixodidae; Acarina), a 
parasite of seabirds exclusively, was confirmed on the 
Islands of the May and the Bass and was established at 
Craigleith Island and at Pettieorvick Bay, St, Abba. 	It 
was found to be most common in guillemot colonies. This 
tick is circumpolar in distribution and lives in both 
hemispheres and various explanations for its distribution 
are proposed. In the light of subsequent observations 
on the duration of the embryonic period, post-engorgement 
developmental periods and the process of feeding of both 
Scottish and Macquarie Island (Antarctica) individuals it 
was concluded that a photoperiodically induced larval 
feeding diapause might be the mechanism by which the 
distribution of this tick is determined. It was further 
established that this tick has the lowest known threshold 
temperature for development, at all stages, of any tick. 
The activity of this tick was observed on Craigleith 
Island during 1971 and it was found that there was a peak 
of feeding during }iay, while hosts were present from the 
third week of April until the first week of :uguat. 
Hatching of larvae and emergence of nymphs and adults from 
their previous instara was accomplished in the field by 
the end of October, 
In the early part of 1971 individuals of the 
Ornithodoros CaPenBie (Argasidae; Acarina) complex were 
collected at Puffin Island, Anglesey to find out its host 
preference, if any. 	It was established that these 
individuals represented the subspecies Ornithodoros 
çonicea nritiaua Vermeil and Marguet 1966 on grounds 
of larval morphology and nymphal biology. It appeared 
to perform equally well on baby mice, Domestic chicks or 
Herring Gulls. 
This subspecies was found later in the season at 
Petticorwiok Bay, St, Abba. 	This is the second time only 
that it has been reported from Britain and is the most 
northerly known occurrence of an argasid tick. 
ThTRODUCTI*4 
Representatives of both families of ticks (Ixodoidea) 
have been found on seabirds; these are ticks or the genus 
0rnit1iocIopo (Argasida.; or Soft ticks) and ticks of the 
enern Ixodes and mbl7omma (Ixdidae; or Herd ticks). 	An 
essential biological dirrerence between these families is 
that there -ire two to eight nymphal instara in the Argesie, 
compared with only one in the Ixodidse. 	?urth.r, all stages 
of the Ixodidse and the larva only of the genus Urnithodoros 
teed once in each instar. 	(here are a few exceptions in 
the Argasidae where the larva does not feed but moults directly 
to the next iiiatar). 	The nymphs and adults of the Arnsidae 
may feed several times in each inatar but the duration of 
feeding is generally not more than 90 minutes (Hoo'trasl 1956). 
97e0ie8 of these ixodoid genera peresitise seabirds 
exclusively but most re lees secialised. 	In the Ixodidae 
Ablyoa 1014120M  is the only metatriate tick known to 
parsaitise seabirds constantly whereas there is aroaching 
a score of known eeiea of Ixodes that do zo. Other 
species of this genus parasitise s wide range of terrestrial 
2 . 
vertebrates in many temperature zones but appear to be 
UZIaUCOeBSLU1 at low humidities, Xany species of the genus 
Vrnithodoros, despite the name, parasitise small mammals 
In predominantly semi-arid situations. It is thought, 
however, that there are some five species constantly 
associated with seabirds. 	It has been claimed, for instance, 
that Ornithodoros capenais parasitises only seabirds whilst 
QonJ2e1p parasitises landbirda (hoogatrasi 1962) 	:hose 
two species are morphologically identical in the post-lurval 
stages and, therefore, some contusion has arisen in the 
assessment of their distributions. 	In the western hemisphere 
further confusion about previous records has arisen since 
Sonenshine et .1. (1966) recognised O.denusrki within the 
caensie complex. 	These two species are morphologically 
separable only in the larval stage. 	It appears that 
O.dsnmarkj parasitises seabirds in the Caribbean and the 
northern sntral iaoifio while J.poni.cei,s is usually reported 
from domestic birds in the Palaearctic area. 	It has also 
been reported from seabird colonies off the Tunisian coast 
and from seabirds in Brittany. 	Indeed, it has even been 
reported from a bat (Colas-Belcour 1929). Vermeil and 
Margust (1966) compared larvae of theae ticks from Tunisia 
and Brittany with larvae from lmndbirda in Europe and with 
3. 
larvae of J.capen8is taken from Theaterfield Island, near 
}ew Caledonia, and concluded that the European larva taken 
from seabirds represented a distinct entity which he termed 
O.coiceps marltirnus. 	The larvae he termed o.capensis are 
identical to those of onensbine at al. (1966) 
The differences between these different species of 
larvae are set out below:- 









%is 22-2L 5/5 .;resent bluntly 
rounded 
J. den marki 12-.14 3/3 absent Ogival 
o.coniceps 12-14 Ls/4 present ugival 
con iceps 
0. coniceps 
niaritimus 1-14 14/14 present bluntly 
ri 
In the Ixodidae, with the exception of I.auritu1us, 
probably a sibling complex, there appears to be no such 
comparable host gradation. There are ixodids that parasitise 
both mammals and birds; 	some which parasitise mammals only; 
LL. 
eons which parasitise landbirds only and some which psreitiee 
seabirds only* There are none that parasitise both seabirds 
and mammals (Arthur 1965). 
Oort ticks are rarely reported from bird hosts. 	There 
have been a few cooss lone when larvae have been found 
(Pero.aisky 1956; Vereell and Lrguet 1966; Aitken it al, 
1968) but rarely have nymphs or adults been found on the host 
(Amereon 1966). This is to be expected from the short 
duration of feeding in these stadia and it in not surprising 
that the nasal cavities, a most unusual alto, were the only 
place where ticks were found by Aaeraon. They presumably 
could not emerge from there after engorging. Most of the 
records of the . ce8i complex apply to seabird colonial 
areas throughout the world and it is assumed that the ticks 
were feeding on the nesting birds, 
in which all the inatara attach for a 
period of days,  has been reported many times from both birds 
and nesting areas. It has been reported from seabirds 
only, but never from land or freshwater nesting members of 
predominantly marine families nor rroa marine members of the 
family Anstidse (duck). 
In Britain it has been reported from the following 











IoxJ.a curvirostra ) 
(Croasbill) 	) Probably 
) accidental 
Zuxuenius arguatra ) 
(Curlew) 	) 
Lack (1968) claims that 98: of all seabirds are colonial 
and divides them into two groups on the basis of chick 
behaviour when threatened. Same are nidicolous, such as 
the Sphenieciformea, Procellariformeo, Pelecaniformes and 
Alcidse whose nests are generally remote from predators and 
which compete every year for these safe neat sites. 	The 
rest, which Lack terms semi-nidifugous, include the Larinae, 
terninae, and Stercoraridae. 	In these the neat sites are 
more usually dispersed, often placed on flat ground on 
islands, or near undisturbed beaches; there is little, if 
any neat site competition and birds do not necessarily return 
annually to the same site. Species of both these groups 
are present at the nest site for a limited period of each 
year. 	Ixodas uriae has rarely been reported from the semi- 
nidifugous group whereas the U,c3penois complex has been 
reported many times from both groups. 	It is usually reported 
6. 
from the second group where birds are nesting in large 
numbra on email islands, to which they presumably return every 
year. 	It, therefore, appears that the 	piis complex 
successfully parasitisle only those species of seabird that 
return annually to the same nesting areas. 
There is no satisfactory explanation for the apparent 
predilection for seabirds although it is obvious why the 
ticks are more successful on nidiooloua species of bird. 
There are many specie, of colonial landbird but 'marine' 
species of tick have rarely been recovered from thsa. 
Landbirds have mny species of tick associated with them, 
such as I.nari on passerines; Argas arbgreua on herons; 
Ornitbodorou thelleras on vultures, but these have never 
been recorded from aeabirds. 
There have been many unsuccessful attempts to feed 
on a variety of lsndbirds, including Lerus ridibundus, 
the black-headed gull, (?uttali 1913, Flint and Kostyrko 
1967), 	Only Murray and Veetjens (1967), who used a Gentoo 
Penguin have reported success in feeding this tick. Laridbirds 
appear, therefore, to be unsatisfactory hosts. Birds, in 
general, however, are unsatisfactory experimental animals 
because there is no part of the body that can easily be 
enclosed without adversely affecting its performance, such 
7. 
as the ear of the rabbit or the scrotum of the sheep, and 
there is no satisfactory way or attaching a capsule to the 
body as is used for feeding ticks on hamsters or guineapigs 
(Kohis 1937). 	It is, therefore, possible that the lack of 
success on landbirda so for has been due to failure to 
restrain the bird from pecking oft engorging ticks. 
',here is no satisfactory explanation for the mechanism 
or tick specificity (Loomis 1971). The host ranges of many 
ticks have not been established (Arthur 1965), especially 
In the genus 1xode8, species of which are small in dimension 
and often parasitise small mammals. Both these factors 
make them easily overlooked in the field. There are some 
ticks with definite host rangeel RoophIlu pro1us, the 
cattle tick, performs much better on cattle than an rabbits 
or other small mammals (Loomis 1971)1 Ixpdco ves)ertilionis 
is usually found on bats only and I.mri is found on 
passerine birds (Arthur 1963). 	There are also ticks that 
have been reported only from single families of host species, 
emahraa11a beoumerti and H.ceoleyi, for instance, have 
been reported only from hyraxes. 
Ixodes urise and the Ornithodoros cezs complex 
are the most cosmopolitan of seabird ticks. Other species 
of these genera are more restricted in their localities, in 
some instances having been found on only one or two islands 
(e.g. I.laysanenaia ailson 1964) and have, therefore, been 
ascribed a limited boat range. 	Ixodes auritula is exceptional 
in feeding on both land and seabirds but consists of a range 
of morphological variants that may represent distinct species. 
Marine species of the genus Qrnithodoros appear to be less 
limited in host range and geographical distribution but 
there are still those that have been described only recently 
and have, so far, been found in limited areas. Such an 
example is .muesebeck.i which has been reported from the 
Arabian Gulf and the Yemen coast (lloogetraal et al. 1970). 
Conclusions derived from present observations may prove 
erroneus in that such ticks may have wider host ranges and 
geographical distributions. 
Maps A & B show that the u.capensis complex has not 
been reported outside the 550parallel and that i.uriae has 
not been reported between the 370  parallels. 	Ixodea uripe 
has been found all around the British coast (Thompson 1957) 
but Or'zijthodoroe capensip has been recorded once only 
(Hobart and f.hallay 1954) from Puffin Island. 	Host absence 
cannot explain the peculiar distribution of I.uriae because 
colonies of known host species occur well below this 
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MAP B 	Distribution of the Ornithoros cnensis 	mnIAY 
9. 
the Old orld (Witherby 1941) yet I,uriae has been reported 
from this bird only in Britain. 	In the southern hemisphere 
Larus dominicanias, the kelp gull, has colonies from 50_  6503, 
yet it has been recorded as a host only from South Africa 
(Theiler 1962). 	Further, because I.uriae Is so catholic 
In host choice among seabirds, it seems able to use any 
marine bird as a blood source. Other species of the genus 
Ixodes have been found on seabirds between these parallels 
so previous reports of I.uriae, one of the most distinctive 
of this genus, would have been expected if it actually 
occurred betweel2 these parallels. 	it is possible that this 
species occurs nearer the equator than 370  but at the moment 
this has to be considered its limit. 
There has been much speculation on the origin of this 
bipolar distribution (Schulze 1938) because ticks are not 
expected to remain on the host for more than 12-14 days and 
because it is not known how fast migratory birds move between 
these parallels. 	Puffinua tenuiroatris, the Tasmanian 
mutton-bird, has well documented migrations in which it is 
aided by prevailing winds, and has been recorded as flying 
from Tasmania to the north Japanese coast in one month 
(Marshall and Serventy 1956). 	It is possible that this 
distance may be covered in two weeks with strong winds 
10. 
and fast flying birds and, therefore, ticks could be carried 
from one hemisphere to the other. 
Explanation for the absence of this species nearer 
the equator has been hindered by lack of data concerning 
its response to temperature and its seasonal activity. The 
male has never been found on any host, has reduced mouthparts 
and, therefore, does not feed at all. 	In this respect it 
is similar to many other species of the genus Ixodes 
(Arthur 1965). 	It is also thought that the males of this 
genus do not need to feed for sperm maturation (Khan 1964), 
so it is probable that this occurs in 1.uriae. 	It is not 
known, however, when the male fertilises the female, whether 
it is necessary for the female to be engorged before the 
male can fertilise her or whether it Is necessary for the 
female to be fertilised before she can fully engorge and 
detach. 
This is a three host tick as engorged larvae, nymphs and 
adults have been found wandering freely on the ground 
(mattall 1913). 	The engorged stages crawl into available 
cracks and crevices of the substratum where they lay eggs 
or complete development and moult to the next instar. It 
has been reported that eggs may hatch in the same season as 
11. 
they are laid (Karpovich 1970)  but it is not known how 
long this process takes at low temperatures; neither are 
precise times known for post-engorgement development. 
There is little information on the seasonal occurrence 
of this tick. 	It is obvious that it cannot feed during the 
boat absence but it is not known how soon feeding starts 
after host arrival and what is its duration. Murray and 
Vestjens (1967) state that there was a peak of larval 
engorgement in March-April, the southern autumn, on Macquarie 
Island when adult penguins return to moult. Karpovich 
(1970), however, states that it is active in the eastern 
Murmansk area only during the early part of the year, but 
hosts are there only for 3-4 months compared with 8 months 
at blacquarie. 
It is possible that i.urlac, living in cooler olimate3, 
may not tolerate warmer conditions but then it would be 
expected to occur, for instance, around the northern New 
Zealand and Peruvian coasts, both of which have temperate 
climates and are above the 3703  parallel. The only papers 
on the developmental velocities of this species at different 
temperatures are those of Nuttall (1913),  Murray and Vestjens 
(1967) and Flint and Xostyrko (1967). 	In the two latter 
there were no observations made at high temperatures, while 
12. 
Nuttall measured the embryonic duration only, at 18 0C., at 
which temperature no larvae emerged. 	It appears, however, 
that because this tick exists outwith the 370  parallels 
there would be another mechanism maintaining this separation. 
This is because it is generally colder in the southern than 
the northern hemisphere at any particular latitude of more 
than LO 0 . 
Diurnal photoperiod is one factor that is constant in 
both hemispheres. For instance, at 400 latitude the 
maximum daylength throughout the year is lLt. 7 hours whereas 
at 300  it is only 13.8 hours. Daylength could be used to 
synchronise the activity of the tick population with the 
seasonal appearance of the host in the nest areas by switching 
on or off any particular activity of the tick after it has 
undergone a particular diurnal photoperiod. A necessary 
corollary of this is that the tick is confined to those 
areas where this particular switching photoperiod exists. 
There are several photoperiodic effects known in the 
Ixodidee but none in the Argasidae. The tick may need to 
experience a certain short daylength before it can feed, as 
occurs in the larva of Derinacentor plbiDictus, the winter 
tick (Wright 1969), or it may have to experience an increasing 
daylength for successful feeding as occurs in T'.variabilis 
13. 
(Smith and Cole 1941). Ovogenesis may be prevented by a 
long daylength, as occurs in D.marsrinatus (Belozerov 1964) 
or a short daylength may be needed for immediate post-
engorgement development to commence, as occurs in 1odea 
jcinu (Campbell 1945; Kemp 1969). 	high temperatures can 
override this photoperiodic effect in L,ricinus and therefore 
this mechanism cannot be used to explain its distribution. 
It may be that 1,uriae is stimulated to activity by host 
presence and that there are no such photoperiodically 
induced diapauses. Another explanation for the bipolar 
distribution of this tick would then have to be found. 
Studies were, therefore, carried out on the effect 
of diurnal photoperiod and temperature on the feeding, 
ovogeneais and post-engorgement development of I.uriae. 
Studies were also carried out on its seasonal activity in a 
temperate area. 
114. 
iTERlALS and METhODS. 
In 1970 small numbers of Ixodes uziae were found under 
stones in a colony of young gannets on the Bass Rock, in the 
Firth of Forth. Adults were situated lower down the cliff 
face on nests that resembled a truncated cone, approximately 
two feet high, made of seaweed and other flotsam and the whole 
of the neat was continuously wet with faeces. The distance 
between the nests was about three feet so that the whole of 
the nesting area was continually sodden: This could explain 
why ticks were found only in the colony of non-nesting 
juveniles. These ticks were also found in small numbers under 
stones in guillemot colonies on the Isle of May. 
In 1971 Craigleith Island, in the Firth of forth, and 
Petticorwick Bay in Berwickshire were surveyed because of 
their proximity to Edinburgh and ease of access to the bird 
colonies. Craigleith island is a doloritic plug of some 16 
acres, having cliffs of about 100 feet high on the eastern 
face. The island is highest on the eastern side and the top 
falls away to sea level on the western side. This sloping 
top has vegetation of 1)eschampip flexuosa (hairgrasa) 
interspersed with }iQ],cus 1antts (Yorkshire Fog) and 
Jropyron repena (Couch rasa). 
Six species of marine bird neat here in large number's. 
15. 
On the sloping top of the island there are surface nests of 
rua argeutatus (Herring Gull), Larus fu se= (Lesser Black-
backed Gull) and Fulmarus glacjplja (Fulmar). here are also 
tunnels or Fratercii.a arctica (Puffin). No ticks were found 
in either of these situations nor on juveniles of these birds. 
Phalacraoorax aristote4 (Shag), 2issa tridactyl 
(Kittiwake), Uris aa]irg (Guillemot) and a,1l numbers of A].ca 
torda (Razorbill) nest on the cliffs. 
Flint (1967) found masses of ticks on the nest rims of 
kittiwakes and guillemots. No specimens of Ixodes urlae, or 
any other tick, were found in or around kittiwake nests on 
Craigleith. Further, guillemots do not build nests here, 
they merely lay their egg directly onto rock ledges which 
are remote from predators. 
Early in the nesting season of 1971 engorged specimens 
were found on Craigleith Island crawling in the morning on 
rock ledges and up the rock forming the backdrop to these 
ledges. They were also found immobile in the vertical and 
horizontal cracks of the backdrop. Later in the season 
ticks became harder to find. Males were found wandering 
everywhere throughout the nesting eason. It is interesting 
to note that engorged stages were found wandering only in the 
mornings. Presumably they had dropped oft whi1t the birCs 
were roosting. 
16. 
Too few ticks were found in 1970 to make meaningful 
observations on their moulting times. 	It was therefore 
arranged with V D Murray (C 3 I R 0) in the November of 
that year for ticks to be collected on Macquarie Island 
(540 30' S 9 158057'E), 	These were packed in ice, shipped to 
Australia and then airfreigbted to Scotland. On receipt 
there were still a few pieces of ice in the bottom of the 
container. 
Qr2iithocloros coicepa niaritiwua Vermeil and Marguet 
1966 was found on 28.4.71 in the exact spot on Puffin Island, 
Anglesey, described by Hobart and .halley (1954). Approxii&tely 
6 of the total was engorged. This is similar to the 
proportion of engorged specimens of Ixodea uriaç found at the 
beginning of May on Craigleith Island. It was also found 
at Petticorvick Bay on the 24.9.71 behind fragmented indurated 
siltatone. This atone occurred in layers of one to three 
feet in thickness, sandwiched between thicker layers of basaltic 
rock, which jutted out in places to form ledges. The ticks 
were found in large numbers below a kittiwake colony and just 
above one of the ledges. This place had not been examined 
earlier in the season but it had been noticed that the ledge 
was occupied by gulls, guillemots and kittiwakes. There were, 
however, no nests there. The ticks were found to extend above 
this ailtatone layer and could be found behind a few fragments 
of the basalt. They were also found at the next ledge higher 
up where there were many kittiwake nests. 
17. 
All stages of Ixodes uriae were cleaned of debris and 
kept at an R H of loo in polystyrene tubes (2k" x 2/Y') which 
contained a slip of blotting paper and were plugged with 
non-absorbent cotton wool. The blotting paper allowed the 
ticks to disperse throughout the tube and was found useful 
for removing a female complete with her egg batch without 
disturbing the eggs. The non-absorbent cotton wool prevented 
the contents of the tube from becoming sodden and allowed 
diffusion of air. A relative humidity of 100 was maintained 
by keeping the tubes in one pound sweet jars containing two 
small petri dishes full of water. A wire mesh was placed 
on top of these to prevent the tubes tailing into the water. 
It was found that fungal growths were not important unless 
there was a dead tick in the tube, in which case a dense 
mass of hyphae soon arose around the dead tick. Soft ticks 
were similarly maintained at a relative humidity of 75, of  
using a saturated solution of Sodium Chloride (Winston and 
Bates 1960). 
The jars were kept in incubators under different 
regimes of temperature and diurnal photoperlod. The 
Incubators were kept in a cold room at 86C and had heating 
systems to keep them at any desired temperature above this 
18. 
baseline. A cold room of L°C was also used. Light was 
provided by a Philips 8 Watt Daylight fluorescent tube which 
was attached to the inside of the door of the incubator but 
screened off from the inside of this by a thick glass plate. 
This effectively stopped the interior temperature rising 
although a small rise of one or two degrees was noticed when 
the light was first switched on. A return to the normal 
temperature happened within two hours. 
Experimental boats. 
Adult specimens of Iarus argentatia (Herring Gull) 
were snared at the Blackford Hill rubbish dump belonging 
to Edinburgh Corporation using a 0.50mm (221ba. breaking 
strain) nylon monofilament fishing line attached to a wooden 
peg. 	The snare length was 14-5 feet. Two rows of ten pegs 
were staked out with a distance between pegs of three feet 
and a distance between rows of two feet. This array was 
placed about ten test from the edge of the tip as bulldozing 
had just finished for the day. After ten to thirty minutes 
a flock of scavenging gulls would descend if they saw no one 
there. This flock would generally land at the edge of the 
tip and then advance inwards on a broad front. 	hey did 
19. 
not seem to notice the pegs with attached nylon and were 
thus easily caught. The various corvid species that 
scavenged in the same place cue down before the gulls but 
were rarely caught even though they walked among the snares. 
The snared gulls were housed in hardboard cylinders 
(three feet in diameter and two feet high) with a top and a 
bottom of chicken wire mesh. The whole was placed on small 
wooden blocks on top of a circular hardboard sheet. 
Herring gull chicks were obtained by taking eggs from 
Craigleith Island when the egg-.tooth started chipping through. 
These eggs were taken to Edinburgh as Boon 58 possible and 
kept at 300C until hatching out. 
The feeding of ticks. -  
There were not very many ticks to use for the feeding 
experiments and it was thought that if ticks were merely 
sprinkled onto the gull that very few, if any, would be 
recovered in an engorged state. This method was tried twice, 
once with 200 larvae and once with 50 nymphs; but even 
though the hardboard floor of the cage had been smeared with 
grease no ticks at all were recovered. 
A hrneas was then made as shown in diagram 1, following 
20. 




T.S. 1 capsule 
• i.gr*a 1 showing br s ospea1e was attached to a gull. 
Down feathers were cut away Just behind the ezilla of 
the wing to expose the akin, The capsule was placed on this 
bare patch and then adhesive plaster was placed in a band 
around the whole body as shown so as to cover the flange of 
the capsule. 	ioks were put into the capsule and the lid 
was then screwed down. Using this method it was fo,d that 
larvae and nypha could escape by going underneath the foam 
21. 
rubber whatever the tightness of the adhesive plaster. 
An attempt was made to glue the capsule to the feathers 
surrounding the bare patch and then secure it with adhesive 
plaster, as before. This was successful in that a few 
engorged nymphs and adults were recovered but larvae were 
still able to escape from this arrangement unless the glueing 
was perfect. This method was then abandoned because of the 
number of ticks being wasted and because by the time this 
technique was perfected there was not enough time left to 
feed all the ticks using adult gulls. 
Recently emerged gull chicks were then used. These 
were confined individually in 10" diameter plastic flowerpots 
with a bedding of wood wool; the whole being covered with 
nylon chiffon secured by a large rubber band. Chicks were 
fed once every two hours from 8 a.m. to lU p.m. with 5-6 
individuals of Lumbricus terrestis (Lobworm ). 	 One to 
three day old White Leghorn chicks were used for the comparison 
of the ticks' feeding ability on }Arine/]onmarine birds. 
These were housed identically and were fed on poultry m&& 
(Rank, Hovia McDougall—Super Chick Mash 6014). 
Ticks were placed inside the flowerpots containing 
birds at 10 P.A. and were usually attached by the morning. 
Soft ticks were fed on adult gulls which were confined 
in a stout paper sack. These take about an half hour to 
22. 
feed in all the non-larval stages and, if hungry, attach very 
quickly to the host. Therefore the method used was to 
sprinkle ticks onto the gull in the sack; tie the neck of the 
sack tight; and after two hours open the sack and remove all 
the ticks. They were also fed on chicks restrained as shown 
in photograph 1. and on baby mice. 
PJ8JLTS with Ixodee uria 
The resppnee of field caught, engorged stapes to temperature. 
Engorged nymphs from Macquarie were divided into seven 
groups of twenty individuals each and engorged larvae were 
divided into groups of fifty each. The groups were maintained 
under the following nominal regimes:- 
Temperature: 14 7 10 14 16 2u 23 Oc 
Hours of 
light per 
day: 0 16 8 8 16 16 16 
Table 1 and 2 show the average times till ecdyais 









14.0 95 191 52 x 10 	1ymphs 
8.0 92 96.2 1(14 x 10 
9.7 9u 73.95 135 x lO 
13.14 95 147.7 209 x 10 
16.2 90 37.14 267 x 10 
201 96 27.14 3614 x 10-4 
22.14 lOcJ 28.14 352 x lO 
Table 1 - the time taken to moult by engorged Macquarie nymphs 
14.0 100 168 60 x 10 	Larvae 
8.0 96 81.2 123 x lO 
9.7 86 57.11 175 x 10 
13.14 86 1414.75 226 x 10-4 
16.2 96 314.14 291 x 10 4 
20.1 1i 27.14 3614 x 10-4 
Pablo 2 - the time taken to moult by engorged Macquarie larvae 







Graph I The post -engorgement development time of Macquarie 
At larvae on nymphs at different tmperot ures 
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Graph 2 Velocity of development of Macquarie larvae and nymphs 











The moulting or enoried Scottish Ixodea uriae 
In 1970 engorged nymphs were first found on the 26th of 
June. These were of no use for calculating moulting times 
because (a) they were too few and (b) it was not known when 
they had engorged, 	 as oftert ; possible 
During 1971 Craigleith Island was surveyed 	 to 
determine the population structure throughout the season. 
Considerable numbers of engorged larvae and nymphs were found. 
A sample of engorged larvae and nymphs was taken on the 5th of 
May and incubated at 150C. The only result obtained was that 
nymphs started to emerge after 141 days, Another sample of 
nymphs was taken on the 9th of August and kept at 8 0C. The 
moult time at this temperature 1788 (70 days. All larvae 
and nymphs in both groups completed their development and 
emerged as the next inatar. 
The effect of temperature on ovarian development 
(a) Preoyjposition 
Thirty engorged females were collected on the Isle of 
May between the 6th and 9th of July 1970. These were divided 
25. 
Into five grows and maintained at the following nominal r.gia.s 
of te,psratiri and diurnal photep•riods.. 
t .jip.ritu s. 	s 	8 
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Graph 3 shows the times taken to 1a7 the first egg. 
7. 
The duration or ovipoition ranged from 14.14 	2.53 
deja at 200C. to 44.5 ± 3.98 days at 9.70C. Pull results 








8.0 41.2 3.12 5 
9.7 44.5 3.98 8 
16 21.16 1.86 6 
20 14.14 2.53 7 
22 16.75 9.35 Ii 
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The number of eggs laid ranged from 225..542 with a mean 
of 339.8 (± - 12.2) per female. The daily egg output per 
female is shown in graph Li. 
The duration of the embryonic period at different temperpturea 
Eggs laid by engorged females from the Isle of Iay were 
collected daily and pooled. They were placed individually, 
using fine forceps, into polystyrene tubes similar to those used 
for confining the nymphs and adults. Each tube contained a 
piece of moist blotting paper at the bottom and larval escape 
was prevented by a plug of non-absorbent cotton wool. The 
eggs were kept under the same regimes of temperature and diurnal 
photoperiod as the engorged larvae and nymphs (p. 22). 
table 4 shows the time taken from the day of laying to 
the day that the first larva emerged. This period was used, 
rather than the average time to hatch within each batch 
(up to 50 eggs each), because there was a high apparent 
infertility in some groups due, possibly, to damage and loss 
of wax during handling. Hatching within any zie group was 
generally completed within two weeks. 
27. 









6,0 14 225 u.23 44.5 x 10 
9,7 14 None hatch d. 
13.14 2 101.5 - 98.5 x 10 
16.2 4 78 2.345 123 x 10' 
20.1 9 6088 1.84 164 x 
22.4 4 55.75 0.714 179 x 10 
Table 4 - Duration of the embryonic period at different temperatures. 
Development occurred at 14 0C. but hatching had not occurred 
after 450 days. These eggs subsequently hatched when placed 
into a temperature of 15 0C. 
Graph 5 shows the duration and velocity of embryonic 
period at different temperatures. The abscissa is cut at about 
3 0C - a figure similar to the theoretical minimum developmental 
temperature for the larval and nymphal moults. 
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28. 
the year. 	Ceramic tiles (2" x 2" and 3" x 3") were placed 
on the occupied rook ledges at the beginning of April, when the 
guillemots started to sit on their "nests" during the day. 
It was thought that engorged ticks would hide under these after 
dropping off as this had been the situation in which most ticks 
had been found on the Isle of Aay in 1970 (p.lL). 
The tiles and the whole of the surrounding nest area 
were subsequently searched fortnightly, 	rhere were times 
when they could not be examined on account of adults incubating 
eggs that had been laid on or near these tiles. After fledging 
of juvenile birds the tiles were examined monthly. 
Five survey sites were chosen; these were easy to climb 
down to and had horizontal, rather than sloping, ledges. All 
ticks found in each site were pooled; the numbers of each 
stage counted and then they were returned to spots near w]ich 
they had been found. 
140 ticks, either engorged or unengorged, were ever found 
under the tiles: They were always found in situations as 
described in materials and methods. 	izxotographs 2, 3 and 14 
show a typical guillemot colony ari the situation in which 
ticks would be expected. 
Table 5 summarises these fiizdirws, which are also 
depicted in graphs 6 and 7. 
I 
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Table 5 showing numbers of each stage found during the season ut Craigleitri 
Pate La1e Engorged Unengorgeci .rigorped tJneLgorged Larvae 
female female IYmPb Nymph engrcred 
3:5:71 153 12 140 22 66 76 
142,'o 3 11"0, 6, 18; 212 
19:5 93 7 142 36 145 122 
27','Z 213' 12 10 13 35 
23:5 36 1 16 25 6 29 
32% 1 114 22 6 26 
5:6 202 35 62 52 23 141 
8 15 13 6 10 
9:8 101 30 52 18 1456 0 
15,4 5 8 3 69 0 
19:8 146 17 95 20 685 0 
5; 2 11 2 79 0 
214,9 89 - 59 1 261 - 
22 - 114 - 614 - 
The upper of each pair of figures represents the actual numbers found; 
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30. 
The most noticeable features are the large number of males 
it the beginning of the season and the large number of females 
at the and of the season. 
At St. Abba on 214.9.71 two different populations of 
Ixodea uriae were found; one near the top of the guillemot 
colony underneath and inside tussocks of liairgrass and another 
at the bottom of the kittiwake colony where birds of all species 
had been seen sitting during the earlier part of the season. 
This latter colony was found in the same place as was 
Ornithodoros conices maritimus. 	The percentage of each stage 
found was as follows:- 
op 
kale Female tJnfed nymph Fed nymph Total, absolute 
22 lIe 614 0.25 (one 1402 
found) 
to ttom 142 141 13 14 2514 
It can be seen that fewer nymphs than expected were found 
in the bottom colony. There were, however, many cast larval 
skins in this area. 	In all the other sites, till this time, 
recently emerged n.ywphs and adults had been found in clone 
proximity to the cast off skins of previous instars. A similar 
situation to this occurred on a visit to St, ibbs on 13.lu.71. 
31. 
The tiaingof fertil.tBption in Ixodea urge 
The mating process is well described by Whaler in 
Nuttall (1913) who found males mating with engorged females. 
Males will, however, mate with unengorged females. From 
April till July males were found with engorged females only; 
whil8t at the and of the season (9.8-214.9) it was found that 
copulation occurred between males and unengorged females. 
Those ticks at the end of the season are believed to have 
moulted recently from the nymphal instar (Table 15). The 
unengorged females found could be divided into two classes: 
Those with a plug of orange-pink waxy material inside the 
common oviduct and those without such a plug. After dissection 
of whole genitalia aperniatids were 	found in those that had 
orange-pink plugs and only very occasionally in those without. 
On the 214.9 it was found that 64) -0' of the top of the St. Abba 
colony and 30. of the bottom colony were fertilised. 
Thirty of the St. Abba females of 9.8 without a red plug 
and ten unmated 30 day old Macquarie females were put into 
tubes individually and had males of the following types 
added:- 
The colour of this varied from orange-pink 
to red. 
32. 
Female Age Iuiaber kale Age 
Macquarie 30 10 St. Abbe <140 days (see 
Table 5) 
St. Abba j40 10 St, Abbe 40 
St. Abbe (140 10 Macquarie 50 
14) St. Abbe (140 11 Macquarie 14 	180 days and 7100 days 
These were then kept at a temperature of 14 0C In a cold 
room with a varying diurnal photoperiod. Table 6 shows the 
number of females having a red plug or a apermatophore present 
after selected time Intervals. The spermatophores were 
initially attached to the genital opening or the ventral aspect 
of the body but later broke off and were found on the bottom 
or aide of the tubes, those that had spermatophore8 did 
not have a red plug. 
Day 7 9 11 25 314 
Group 
1 - 8 10 10 10 
2 - 14 7 7 9 
3 6 6 7 7 
li 8 8 8 9 10 
Table 6 - the numbers of females having a red oviducal plug 
or spermatophore. 
33. 
On day 9 the four females of group 2 and the six 
females of group 3 that had been fertilised were replaced by 
females without a red plug. Table 7 shows the subsequent 
fertilisations, 
Day 2 7 16 25 
Group 
2 2 3 3 3 
3 2 2 3 5 
Table 7 - result of second fertilisation by males given 
fresh females. 
These results show that 10-.40,50,100 and 180 day old 
males will mate with lO-.ZiO day old virgin females and that there 
Is no bar to the mating of Scottish and Antarctic individuals. 
It was later found that males of only one or two days of age 
would attempt to mate with lO—LiO day old virgin females. 
The effect of different hosts on the feeding of Ixodes uriae 
No one till Murray & Vestjens (1967) had succeeded in rearing 
any stage of this tick despite the great number of host species that 
were tried. Murray & Vestjens (1967) used penguins of the species 
34. 
Posce1ia papua (Gentoo penguin), one of the natural hosts 
on Macquarie Island, and managed to feed two larvae and seventeen 
nymphs. 
There is a possibility that this difficulty in feeding 
might be due to the existence of a feeding diapause of the 
type shown by Dermacentor variabiUs and D. albipictus in 
which the ability to attach and feed is controlled by the 
diurnal photoporiod experienced by the tick since emergence 
from the previous instar. Nymphs were fed on 3-5 day old 
domestic chicks after having experienced the following diurnal 
photoperiod : - 
hours light Duration Number in Number attached 
per day (days) group after 214 hrs. 
16 >110 20 5 
8 110 20 5 
16 35 114 9 
Nymphs that were collected on the 9.8.71 were placed 
with the same host type and 114/50 attached. 7hese nymphs are 
presumed to have moulted. recently (Table 15). 	There is no 
evidence here for an attachment diapause; neither is there for 
nymphs or adults when offered Herring Gull chicks as hosts (Tables!  
35. 
and 10). 
As between hosts, however, differences soon became apparent 
after these ticks attached. 1'yasphs, maintained at both 8 and 
16 hours of light per day, attached to domestic chicks and 
then remained alive for 1-7 days.  They then either dropped 
off or remained and died In situ but never became larger than 
the 'flat-elongate' stage, which weighs about 1/5 the weight 
of a normally engorged tick. This stage was reached within 
1-2 days on both domestic and gull chicks, iven partially 
engorged larvae were never recovered from domestic chicks. 
It is interesting to note that when partially engorged nymphs 
dropped from a domestic chick there was a plug of material 
surrounding the mouthQart8, whereas when fully engorged nymphs 
detached from a gull there was no plug. 
There was a poor recovery of engorged ticks from adult 
gulls. 	It is not known whether this was due either to the 
technical problems mentioned before or the adult gull's being 
an unsuitable host. Using the capsule technique the 
following results were obtaineds- 
Jtgge 	 Iuaber on 	 1,tumber off (çngored) 
Adult 	 7 	 1 + 1 dead 
]Nymph 	 70 	 2 full 
2 semi-engorged 
5 'flat-elongate', dead 
Larva 	1 	90 	1 	U 
36. 
This technique seemed rather limited for the 
simultaneous comparison of the feeding of large numbers of 
ticks so juvenile Herring Guile which could easily be 
handled and fed and which could be kept in large numbers at 
the same time were used instead. 
Ticks were sprinkled onto the bird at the end of its 
first or second day after hatching. The numbers of ticks 
applied, their previous history and the result of the 
feeding are summarised in Tables 8-10. 
It can be seen that, although some ticks engorged to 
repletion, the engorgement rate is rather low. This 
together with the extreme seasonality of availability of 
Herring Gull chicks makes this technique of feeding Ixoea 
u'iae impossible for maintaining an uninterrupted laboratory 
culture. 
Several of the nymphs and females have been recorded 
as 'semi-engorging'. This usually occurred when the tick 
had attached itself to the web of the foot or to the leg. 
They generally reached this stage at the same time as those 
attached to other sites but subsequently failed to become 
any larger. This is probably due to an absence of the 
required amount of nutrient there. 
In the laboratory the sites on the bird most used by 
the tick for attachment were around the eyes, the angle of 
37. 
the beak, the underside of the beak, perianum, legs and 
webbing of the feet. Females attached to the web for a 
considerable period even though necrosis or the epidermis 












No. oft Later results 
Larva 235 85 16 7 7 J4 nymphs +3dead 
8 2 2 
9 6 6" 
10 5 5 
II 2 2 
180 2u0 8 10 2 1 	" ; 1 dead 
13 2 (gull dead 
dead) 
100 230 16 Not attached 
200 200 8 6 (gull 5 alive 2 nymphs; 3 dead 
died) 5 dead 
Table 8 	Lumbers, of Macquarie larvae engorging on 














Io. off Later results 
Nymph 22 120 14.5 6 1 full 	1 female 
1 aemi dead 
120 13.5 6 2 full 	2 females 
7 3 full 2 males; 1 female 
8 1 full 	1 wale 
10 5 semi dead 
(on web 
27 70 16 14 rull died. 	14 attached and living 
" 114 110 16 5 	to  7 alive 
1 dead 
22 135 16 Ij 	" 13 alive 
1 dead 
8 120 8 5 	" lalive 
1 dead 
to '200 16 5 	to 6 alive 
14 dead 
if 18 160 16 
13u 14.5 71 0 0 day 7 but 2 aeen attached 
earlier 
21 130 13.5 7 1 full 	1 male 
8 3full 
" 22 145 16 6 1 full 	1 female 
7 2 full 1 female; 1 dead 
8 1 full 	dead 
6 dead 
135 14.5 6 1 full 	1 female 
7 ltull ? 
3 2 full 1 1 female; 1 dead 
Table 9 	' ,, umbers of Macquarie nymphs engorging on 










Loff Later result 
a) Female 2 66 8 - Not 
attached  
b) 	" 2 115) 13.5 Yea 6 flat-el) 	2 Both died by 
) ) 6.9 
145) 8 6 semi- 	) 
c) 	" 4 116 13.5 - Not 	 - 
attached 
d) 	" 2 145 16 Possibly 7 full ) 	2 Both laid 
8 full ) eggs only 
10-30 each 
e) 	" 1 145 16 Yes 8 full 	1 Eggs-normal 
batch. 
t) 	" 4 110 14.5 - 13 	eng 	1 Died 
(in web) 
g) 	" 1 100 13.5 Not 	 - 
attached 
h) 15 150 16 '1 Iot 
attached 	- 
i) 	" 4 150 16;+ 30 days Possibly 6 full(2) 3 Both died 
8 hours semi 1 
J) 	N 4 100 14.5 Yes 6 semi 	3 
(in web) 
It) 	" 3 105 13.5 8 semi 	2 
1) " 2 100 14.5 7 semi 1 
Table 10 	Numbers of Macquarie adults engorging on 
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24,p urlat appears to exist only in the cooler regions 
of the world in both Northern and Southern hemispheres. Its 
occurrence at )urmansk and Macquarie Island make it the most 
northerly and most southerly known species of tick. The 
most striking feature is that development can take place at 
temperatures lower than those recorded for any other tick 
species, it is lower than the 6 0C minimum recorded for 
Ixoes rioinu.a (Campbell 1948), and much lower than the 180C 
minimum recorded for His lomma anatolicila snatollcum (3riow 
1969). 	This latter, however, 18 a desert tick that can 
exist and develop at higher temperatures than Ixodea riciniaa. 
It is possible that Ixod es uaç can exist and develop at the 
same high temperatures as 11,antolicUm anatolicum as there 
was no evidence of abnormal development up to 23 0C., the 
highest temperature that was used. 
a) 
As regards moulting of engorged larvae and nymphs; 
Macquarie Island ticks had to be used because there was 
difficulty in finding them in 3cotland in 1970 and because 
42. 
it was difficult to rear them in large enough numbers in 
the laboratory. The previous history of these engorged 
Macquarie ticks and the length or time since they 
engorged are not known; this may bias the results. 
It is known that the post-engorgement development of 
an Ixodid tick comprises two phases:- 
a pre-moult mobile phase 
a moulting immobile phase 
In Ixodee ricinus the duration of these two phases is 
temperature dependant (Campbell 19148). 	The former occupies 
about 20 of the total developmental time and it is in this 
phase that the most variation in total post-engorgement 
development times occurs. This is profoundly changed when 
there is a photoperiodically induced diapause in which case 
the mobile phase is abnormally extended (Campbell 19148 and 
Kemp 1969). This happens when larvae and nymphs are kept 
in a long-day photoperiod both before and after feeding. 
There is no diapause, however, after feeding when these have 
been kept in a short-day photoperiod beforehand. In larvae 
and nymphs of Ixodes ricinue this mobile phase lasts for 
about 22 days at 150C but extends to approximately 150 days 
in a diapausing individual. This is not a diapause in 
which there is a general suspension of activity and a 
lowering of the basal metabolic rate, it is an extension of 
143. 
the mobile phase period in which exhaustion of food reserves 
and death can easily occur. During the mobile phase no 
visible development takes place but because the duration of 
this phase is temperature dependant one would expect some 
sort of development to be occurring. 
It can be seen from Tables 8 and 9 that larvae and 
nymphs that had been kept in a long-day photoperiod before 
feeding moulted to nymphs and adults without there being an 
extended mobile phase; in that situation one would have 
expected an induction of diapause in lOOn of larvae and 
nymphs of Ixodes ricinus. This suggests that such a diapause 
phenomenon does not occur in Ixodes uripe. 
The ticks from Macquarie cannot have engorged before 
the end of September or the beginning of October, which is 
when the penguins return to the island (Murray & Vestjens 1967); 
and they would have experienced a short-day photoperiod prior 
to this. Now the mean daily air temperature at ground 
level there during October is 3.8°C and for November it is 
14.5 °C (wuo Reports) (p.  148) so during this time one would 
not expect much development to have taken place. 	If it 
assumes that the ticks that were collected in the middle of 
?ovember are a normal sample, of those that engorged between 
the beginning of October and the collection date it can be 
said that the mean time they had been lying on the ground 
414. 
before collection was about three weeks, at some 4 0C. 
There are no data on the duration or the mobile phase or 
1xoes uriae at 4 0C but all the engorged larvae and nymphs 
were mobile when they arrived. I correction factor can 
then be added for the length of time spent on the ground 
before collection. The estimated total development time 
at 40C is (168 + 21) days for the larval moult and (191 + 21) 
days for the nymphal moult, so that the proportion of total 
development that had occurred when these ticks were collected 
is an estimated 23&68 + 21) 	ii.l) for the larvae &nd 
24191 + 21) ( 9.9) for the nymphs. These fiuree may 
represent an upper limit because it was found that larvae 
and nymphs, after engorging, crawl deep into available 
crevices where they are hard to find so it is probable that 
those found represent a population that had engorged more 
recently than has been allowed for. 
Table 11. The findings of other workers on the 
total post-engorgement times of Ixodes uriae. 
Worker femperature L-N Nos N-A Nos Correond1g 
times from 0.1. 
Murray & 
Vest jens 0-5 p3,93 2 61-101 17 112 128 I 70C 
Nuttall 12 -17 51 6-39 31 56 62 
Flint & Kos: 
:tyrko 'Lab. 50 55 
Temp.' 
145. 
Flint and Kostyrko's figures have no comparative value as 
no temperature figures are mentioned. Those of Murray and 
Vestjena and of Iuttall are lower than comparable figures 
from Graph 1. 	Murray does not give precise temperature 
data but his results can easily be explained by looking at 
the monthly mean temperatures for Macquarie for 1961-62, 
the period during which his experiments were carried out. 
From December till March the mean daily temperature did 
not fall below 6.50C. 	The ticks were kept in tubes either 
outside or in an outhouse where the temperature may have 
been one or two degrees higher; in which case his 
developmental times are similar to those presented in Graph 1. 
There appears to be a wide range of development times for the 
nymphal moult but the paper does not state whether these had 
been fed simultaneously nor whether they had been housed in 
a similar situation. The results of Zutta11 are shorter 
than those shown on Graph 1 because he collected his 
specimens in July, when most of them would already have 
completed a good deal of their development. 
There was no evidence of an extended premoult 
developmental period at any combination of temperature and 
daylength as would have been expected with Ixodes ricinus 
(Kemp 1969); although the 403 difference in Murray's and 
146. 
Veatjens' nymphal development times may give rise to 
suspicion of a diapause, it is more likely that the 
difference was due to maintenance at different environmental 
temperatures. 
An upper assessment of the threshold temperature for 
development can be calculated by finding the speed of 
moulting at each temperature. This is easily calculable 
from the reciprocal of the moult time in days assuming 
that the process of development and moulting is the same 
at all temperatures. 	Graph 2 shows the function just 
described which, by a lower end extrapolation, has a zero 
abscissal coordinate of 1-2 0C. 	This theoretical 
threshold temperature for development does not take into 
account the well known fact (wigglesworth 19614) that 
adaptation can occur at low temperatures so that development 
occurs at a faster rate there than predicted by extrapolation. 
Generally the line plotting the speed of a biological event 
against the temperature at which it occurs yields a sigmoid 
function. This means that the function ]/Dat+b does not 
fully describe the range of temperature development 
velocities, although it may be adequate for estimating the 
development velocities over the median part of the aigmoid. 
The data presented do not show this sigmoid function 
for Ixodes uripe because of the absence of development times 
17. 
at, say 2, 3 25 and Pre and therefore it is possible 
that development can take place at temperatures loser than 
3C. The regression of velocity on temperature is easily 
fitted from the results (Graph 3 and 9) and shows that the 
extrapolated threshold temperature for dvelopaent is 
1-1.60C, the lowest known for an Ixodid tick. That of 
ixodes rioinuq is some 6,50C (Campbell 1948), I.hexionui 
some 6,5 0C (Arthur 1951) and 1rslowa azatoliouw enstolicus 
some 180C (Snow 1969). similar regression lines for the 
poet-engorgement development of these ticks have been 
calculated from the data in the literatgre and are also 
presented in Graphs 8 and 9. It is interesting to note that 
the gradIgAte are similar for the ticks of the genus Iggges o 
while those of Eanatolicum snsLlicua are steeper, showing 
a greater sensitivity to temperature oh.ng... It is not 
clear at the moment whether this is a difference between the 
genus Izodes and the genus My loasa or whether it is a 
difference between tsaperste and desert ticks. 
?hs ability to develop at low temperatures my explain 
how 	 1s able to maintain itself in large numbers 
at, for instanee, Maoquari. (Murray & Vestlsns 1967) and in 
the Eastern Murmansk area (Flint & Koatyrko 1967), for which 
the *mthly wean temperatures are shown in ?able 12. 
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Month 1 2 3 Is 5 6 7 8 9 10 11 12 Place 
Murmansk -6.7 -11.4 -8,1-1.L 39 10.0 13.14 11.1 6,9 0.9 -3.8 -7,9 (30 years) 
Macquarie 6.7 6.6 6.0 5.2 3.9 2.9 2.9 3.2 3.3 3.8 4.5 6.1 (30 years) 
Macquarie 6.6 7.4 6.8 5.5 14.8 14.3 5.0 6.5 (61-62) 
Dunbar 3.6 14,0 5,5 7.4 9.6 12.7 14.6 143 12.6 9.8 6.7 4.9 
(1970) 
Table 12 - Monthly mean temperatures for the last 30 years 
(wMo Reports) and particular years (Met. Office reports and Anare 
data report), 
It should be noted that a temperature of 20 0C does not 
hinder development which means that temperature per so is no 
bar to post-engorgement development between the 37 0parallels. 
Several conclusions can be derived from these developmental 
curves;- 
There was no effect of daylength on the motile phase of 
the Macquarie ticks after they had arrived in this country having 
overwiutex'ed on Macquarie. 	Ixodes ricinuB, however, would have 
exhibited the same response under similar conditions. 
Engorged Scottish ticks held under similar conditions showed 
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the same response as Macquarie ticks whatever their diurnal 
photoperiodic regime prior to feeding. This would not 
have occurred with 1. ricinus, 
All engorged ticks showed a predictable response to 
temperature; the applied correction making little or no 
difference to the curves. 
Neither the maximum nor the minimum temperature limits 
were reached. 
The post-engorgement development times for Kacquarie 
larvae and nymphs were similar, the nymphs taking slightly 
longer. 
b) Ovarian development 
No conclusion can be reached concerning the speed of 
preoviposition development in the engorged female because of 
the large variance and email numbers available, Evidence 
is produced later to show that females began engorging on 
Craigleith Island at the beginning of May. Therefore it is 
expected that by the beginning of July, when the females were 
collected, there would be a wide range of ovarian development 
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within any sample of females. 
There was no prolonged preoviposition period whether 
females were kept under 8 or 16 hour diurnal photoperiods 
and, therefore, they did not behave in a manner similar to 
that of Deraaentor marminatus as described by Belozer'ov 
(1961e). 	He claimed that engorged females of this species 
undergo a 'secret' diapause under conditions of a long day 
(greater than 114 hours light/day) at a temperature of 180C. 
This diapauso is manifested by a delay of up to four months 
in ovogenesis and oviposition. The abstract does not make 
clear, however, whether It was necessary for the unengorged 
female to experience these conditions for the diapause to be 
manifested, nor whether it was ovogeneela or oviposition or 
both these processes together that were delayed. 	It must 
be pointed out that the J uriap females had probably been 
exposed on the Isle of May to a long day photoperiod for 
up to eight weeks after engorging during which time any 
ovarian development would have been initiated. This type 
of diapauae has not been demonstrated in the genus Lxodes 
The egg-laying pattern is similar to those of other 
ixodids (Arthur 1951; Snow and Arthur 1966) and needs no 
comment. The number of eggs laid (225-542) is similar to 
those reported by other workers on this species. 	It is 
also similar to those of Ixodea canisupa (Arthur 1963) 
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and other reported nidicolous species of the genus Ixodes 
but is lower than most other species of ixodid tick. 
Ixodes ricinus lays some 1-'2000 eggs; raetaatriate ticks 
often feed on large hosts and the following are a few 
examples of the numbers of eggs laid by this group: 
Dermecentor sarinatw some 3-4,500 eggs (Arthur 1960): 
Rhipicephalus aaxiuineua some 1,500-4000 eggs (Nuttall 1915) 
and liyaloinzna anatolicum anatolicum some 1,500-6000 eggs 
(Snow and Arthur 1966). 	It is possible that there is a 
strong selection pressure for a large number of eggs to be 
laid by an anidicolous species of tick as a lower survival 
rate would be expected with these compared with those inhabiting 
the more stable environment of a nest. Then, on the other 
hand, it would be advantageous for a nidicolous tick species 
to engorge to a smaller degree in the female so a high degree 
of mobility is maintained after the tick drops off. This 
means that the female can then move from the floor of the 
nest or burrow to an undisturbed area. 
The regressions of embryonic developmental velocity on 
temperature are shown in Graph 10 for Ixodes urise and three 
other species of ixodid tick. This again emphasises the 
low developmental threshold for this species; more remarkably, 
I.hexaronu.a has a similarly low threshold although there has 
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been no demonstration of development below 100C (Arthur 1951). 
These gradients for embryonic development are different from 
those in Graphs 8 and 9, which summarise the data on larval 
and nymphal development, in that the gradients within the 
genus Ixodes are now different. It may be possible that 
this represents a difference between nidicolous ticks 
(Lizriee and I.bexagon'is) and anidicolous ticks (I.rio3nus 
and Ha.anato1icuza) but until developmental velocities are 
known for ticks of other genera no conclusions can be drawn. 
c) Embryonic duration 
The embryonic duration of Ixodes uriae as recorded by 
other workers is given in Table 13. 
Worker 	i'emperature Preoviposition 	mbryonic ieau1ts 
Days 	period 	from 
Graph 5 
Murray & 	0.'.7 	 76-95 	 30-60 	260 9 70C 
Veatjene 225 Q 800 
utta11 	12 	 21 	 96 	105 
18 Did not hatch 
Flint & 	20 	 7-14 
Kostyrko 15 1-22 
'laboratory 	 9 months 
temperature' 
Table 13 - Reported embryonic periods of Ixodee urlae at 
different temperatures. 
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The 120C result shown by lluttall is similar to that 
shown in Graph 5. Murray & Veatjena' results are very much 
shorter and this is probably due to the fact that the eggs 
concerned were picked up in the field (on Macquarie Island) 
in January and were of an unknown age. It is possible that 
the eggs had been laid during the previous season and that 
most of their development had occurred when they were 
picked up. Karpovich (1970) working in the 1astern Murmansk 
area stated that eggs laid in the middle of summer hatched 
before the onset of winter in a warm year, but that in a 
cold year it was possible for the eggs to overwinter and 
not hatch until the following summer, thus taking about one 
year to complete development. 	Indeed, he found that some 
eggs overwintered twice. 
The seasonal activity of Ixoces uriae in the Forth are 
Guillemots begin visiting their nests generally at 
the beginning of April in this area and mating occurs 
during this month. Egg laying begins in early May, but It 
is only during incubation and fledging that the birds are 
continuously on the ledges. Adult and juvenile birds start 
to leave the nest areas in the second or third week or July 
and are all gone by the first week of August (Vitherby 1941). 
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This pattern occurred during 1971  on Craigleith. 
It is possible therefore for ticks to start engorging 
here at the beginning of April. The recorded peak of 
activity (Graph 7) shows that larvae appeared first followed 
by nymphs and then females. This is the reverse of Ixodea 
ricinue in which it is the females that are first active 
followed by nymphs and then larvae (Mime 19147). It must 
be emphasised that the results of one year are not enough to 
conclude that this sequential peaking is general. 
Ticks of the genus Ixocps in temperate zones often 
have a peak of activity during the spring months of March-
May. 	Sometimes there is a smaller peak of activity during 
the late summer and early autumn. This type of activity is 
best documented for I.rcinu,a by Campbell (19148) who showed 
that this second peak was due to the activity of a second 
population that did not miscegenate or mix with that of the 
spring. Autumn peaks are also shown by I.hexagonup (Arthur 
1951) and Ldeztat*s (Sononshine and Stout 1970). There 
are exceptions to this pattern. I.brunneus,a parasite of 
North American landbirds, appears to have a winter peak of 
activity (Sonenehine and Stout 1970) as do the nymphs and 
females of I.festai in Morocco (Blanc and Brunneau 1958) 9  
while the larvae of this latter species show a bimodal 
pattern of activity. 
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Hosts are available for I.ricinua throughout the year, but 
there are times when the tick is unable to teed, for instance 
in the summer when it is already engorged, in the autumn when 
the next inatar has emerged but is not physiologically ready 
to teed and in the winter when the ground temperatures are 
too low to permit activity and thus spring is the only time 
when it can feed. I,uriae was found to start engorging soon 
after the birds arrived and feeding was at a maximum within 
six weeks of their arrival. 	Table lL& summarises the 
observations of other workers on the seasonal activity of Luriae. 




Murray & Adult:Sept.-Jan. - March 
Vestjena Iarch-April 
Iestling:Feb. - 'on nestlings' 
Karpovich May- August 1nd of May- End of June- 
beginning of beginning of 
June July 
Table 114 - Summa ry of all observations on seasonal activity of 
I.uripe. 
Activity on Craigleith appears to be determined by host 
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availability as does that of the Eastern Murmansk region 
which has a similar pattern but In delayed by about four 
weeks., On Macquarie island, however, there is claimed to 
be a double peak of engorgement, the second occurring when 
the adults return to the island to moult. Hosts are 
therefore available for up to eight months of the year and 
it should be pointed out that there is a peak of engorging 
In the autumn. It is just possible that larvae and nymphs 
which engorge in September-October may complete development 
within the same season (Compare temperatures there (p.48 ) 
with Graph 1. But further analysis of the life cycle on 
Macquarie Island is not possible because it is not known 
which stages represented the March peak and because the low 
temperatures introduce wide ranges of development times with 
possible overlapping of juster's from the same •g batch. 
For these reasons it would be desirable to record the 
activity of this tick in a host of long availability that 
occurs in a warm climate where there is no possibility that 
there will be such an overlapping. Suitable species of bird 
would be the Gannet or Maui 3bearwater, both of which neat 
In Britain for about seven months each year, arriving in 
February and departing near the end of September* 
in most populations the age structure is such that the 
* .here Is no equivalent in Scotland of 
this behaviour. 
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number of individuals in each stage is smeller than the 
number of individuals in the preceding stage. This is to 
be expected due to a variety of mortality factors acting 
on the initial population. 	It would be expected that the 
number of tick larvae in a particular site would be larger 
than the number of nymphs which in turn would be larger than 
the number of adults. 
The results given in Pable 5 are difficult to interpret 
because of the exclusion of unengorged larvae. It is 
apparent, however, that the total number of nymphs is always 
larger than the number of females by a factor of 1.3-2.0. 
Now the male: female ratio among adults that emerged from 
engorged nymphs in the laboratory was 1:1 so one would expect 
the number of nymphs to be at least twice that of the number 
of males. 	In fact it appears that there are twice as many 
wales as nymphs in the early part of the season. It was 
only later that the number of males became approximately 
equal to the number of females and that the number of nymphs 
became greeter than the adult total. 	It is possible to 
postulate that these males at the beginning of the season 
include those from two seasons;- 
those that hatched out from the nymph last year (1970); 
those which hatched out this spring but which had engorged 
last year and o) those which had both engorged and hatched 
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this year. It can be seen from the table of monthly mean 
temperatures for Dunbar (p.148 ) that the mean temperature 
for Dunbar during May 1971 was approximately 10.90C. This 
is the 9 a.m.air temperature at 14 feet above the ground. 
The 14 Inch soil temperature at this time of year usually runs 
some 1-20C. higher than the air temperature; therefore It 
is assumed that the L Inch ground temperature at Craigleith 
was 13 0C during May and 1140C during June. 
From Graph 1 it can be seen that at 130C the nymphal 
moulting time is approximately 55 days, therefore in the 
month of May approximately one half of the total nymphal 
development will have occurred in ticks that engorged at the 
end of April. 
At a temperature of 1140C the total nymphal moulting 
time is 50 days; therefore nymphs that engorged at the and 
of April will only need a further (i x 50) = 25 days to complete 
development and emerge. This means that they will emerge 
during the third week in June. It is clear that the large 
number of males at the beginning of the season cannot be 
attributed to those that engorged at the end of April and 
moulted in the same season. 
During April the average ground temperature was 
approximately 90C which yields from graph 1 a nymphal moult 
time of approximately 90 days. Therefore nymphs that engorged 
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at the middle of April will have undergone approximately 
(15/90) - 1,16 of their total development during that mouth. 
During May the estimated ground temperature was 130C, at 
which point the estimated total nymphal moulting time 18 55 
days; therefore approximately (30/55) of the total nyuiphal 
development will occur during this month. By the end of 
May approximately (1,16 + 30/55) - 47/66 of the total 
development will have occurred. During June, therefore, 
only (19/66 x 50) = c.114 days are required to complete 
development; so those nymphs that engorged in the middle 
of April will hatch out during the second week of June. 
These calculations plus calculations for other times of 
initial engorgement are summarised in Table 15. 
Time of initial 
engorgement 
Eatimated time 
of emergence (nymphs) 
Estimated time 
of emergence (larvae) 
Mid April 2nd week of June 2nd week of June 
Beg, May 3rd week of June 3rd week of June 
id May let week of July 1st week of July 
Beg. June 2nd week of July 2nd week of July 
End June 2nd week of AUust 1st week of August 
Table 15 - Estimated times of nyaphal and adult emergence on 
Cz'aigleith Island 1971. 
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The large number of males can be explained in the 
following manner. During the peak of activity one would 
expect a decrease in the numbers of unengorged nymphs and 
females on the ground because some of these would be 
engorging on the birds. This, by itself, would be expected 
to increase the relative number of males on the ground. 
But many males were found at this time wandering on the ledges 
and backdrops, presumably searching for females, and because 
they are so large it is to be expected that these would be 
such more conspicuous and would therefore appear to be more 
numerous than other stages. 
At the two collection dates of 9.8 and 19.8 the ticks 
were found to be more localised and could not be found 
wandering on the rock surfaces and in the vertical and 
horizontal cracks of the backdrop as happened in the early 
part of the season. The complete capture each time was 
taken from under one rock at the top of the colony. 	These 
rocks were similarly situated in that the rock projected 
and was removable from the backdrop. Its base rested on the 
ledge and there was a quantity of earth between the rock and 
backdrop. 	It appeared that this formed a suitable resting 
site for the engorged stages in their wandering on the rock 
face. 	There were very few rocks of this type and they were 
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not examined in the early part or the season because ticks 
were easily found in the other Bites mentioned above. 
On the collection or 21e.9 ticks were found in a more 
dispersed state than the two previous times. So it would 
appear that searching had not been thorough enough then. 
The population structure in the population in the collection 
from the top of the colony is as expected but that from the 
bottom is peculiar in that very few unengorged nymphs were 
found despite the presence of abundant cast larval skins. 
This particular site was not surveyed throughout the season 
so that a satisfactory explanation of the phenomenon is not 
possible although it does suggest that there was a migration 
of newly emerged nymphs even though hosts were absent. 
It 18 suggested that larvae and nymphs climb up to 
various resting sites in grass tussocks at the top of the 
colonies or crawl deeper into the vertical and horizontal 
cracks of the backdrop after engorging. In due course they 
moult there during the same season to nymphs and adults which 
start to become active during the next season as it was 
noticed that adults and nymphs in most situations at the and 
of the season were surrounded by the cast skins of their 
previous instars. 
The engorged stages that were found during the period 
up till the beginning of June probably represent those that 
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had recently engorged and had not yet reached their moulting 
sites. This explains the decrease in numbers of both 
engorged larvae and nymphs during the last week in hay; they 
were in fact still present but were not round. 
It is suggested that the presence of birds acts as a 
stimulus for host seeking by ticks that had engorged and 
moulted during the previous sulamer. 	Karpovich (1970) also 
claimed that this tick became active dith the arrival of 
hosts BO one would like to know whether it became active in 
Gannet and Shearwater colonies where the birds arrive in 
February. Sonenshine (1966) quote6 unpublished work stating 
that it is daily solar exposure, rather than prevailing air 
temperature that determines guesting activity by ticks of 
the species Derumceutor vaiabi1is. 	It is unlikely that 
this is so for I.urlae because it is not exposed to solar 
radiation while hidden deep in rock cracks. Karpovich 
(1970) stated that activity of this tick species in the 
Eastern Uurmansk areas started when the air temperature rose 
to 20C, by measuring the percentage of ticks moving about 
in an 'artificial nest' at different temperatures. 	This 
does not necessarily show the temperature at which ticks 
become active in host seeking, it merely shows the temperature 
at which movement can occur. At Craigleith the temperature 
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is will above 20C for most of the year yet ticks were not 
seen to be active before the arrival of the birds. 
V 7. WCTT{ ! UiI) 
The results show that the Herring Gull is a suitable 
host for Ix9ds)w4a1 whilst ticks never engorged successfully 
on Domestic Chicks even though they readily atteched. The 
inability to engorge is probably due to a natural resistance 
In which there is a cellular reaction causing a plug of 
tissue to be deposited around the hypostone, thus preventing 
further feeding. 	It could, alternatively, be due to a 
factor in the tissues of the chicken that is lethal to the 
tick. Loomis (1971) has described the difficulties 
he found with feeding the cattle tick Boohi1us aicroDlua 
on rabbits but gave no explanation for the apparent 
specificity of this tick. 7here 15 in tact very little 
Information on this aatter. 
Ticks of the genus Ixodes are held to show two types 
of attachment to a host (Moorhouse 196). 	In one there is 
a deep embedding of the aouthpsrts into the dermis of the 
skin and in the other there Is partial embedding of the 
outhparts, mechanically supported by a secretion of cement 
around the bypo.tome. In both cases there is a partial 
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lysia of the tissue surrounding the mouthparte, with 
very little leucocyte infiltration. There is a such 
greater degree of lysis and leucocyte infiltration at the 
distal and of the hypostome, so this area has been termed 
the feeding lesion, 
If Moorhouae'e observations are generally true then 
the nymphs of Ixod es uriao show the first type of attachment 
by embedding the hypoatome up to the cornus of the basis 
capituli. This means that the plug of matter surrounding 
the hypoatozes of those ticks that had been applied to 
chicks was composed of host tissue only and did not contain 
cement. 	This specificity of feeding was not investigated 
further. 
Only seven out of a total of 1400 larvae that had been 
maintained in a short day regime engorged to apparent 
repletion and of this seven only three moulted to nymphs. 
The figure for larvae maintained in a long day regime was 
twenty four engorged out of 315 applied out of which twenty 
moulted to nymphs. There appears to be a different success 
rate between these two groups; and, indeed, a chi-square 
analysis show that this difference is significant (P KO.00l). 
This suggests that there may be a feeding diapause in 
larvae kept a short diurnal photoperiods as there is in 
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larvae of Dez'uiacentor pibipictus, a winter-active tick, 
kept a long diurnal photoperiode (Wright 1969). A 
mechanism for the distribution of this tick can then be 
postulated in which the diurnal photoperiod between the 
370 parallels is never long enough to allow the breaking of 
this feeding diapauae. 	Further investigation, however, is 
needed to ascertain whether this feeding diapause exists and, 
if so, to find out what is the critical daylength. 
The effect of photoperlod on the mating of Ixodes uriae. 
Photoperiod, either before or during mating, appears 
to have no effect on its successful conclusion. 	In fact 
it appears that this species behaves similarly to other 
ticks of the genus Ixodes in that mating can occur very soon 
after emergence, without the male having to feed. There 
are some species of this genus, such as L.ricinua, in which 
the male can, and doe., feed but feeding 1s still not 
necessary for successful fertilisation. Kahn (1964) 
stated that in species of the genus Ixoes mature spermatids 
are present in the male when it first emerges, whereas, 
Khalil (1970) has shown that in liyaloama anatolicum anatolicua 
feeding is necessary for spermatid maturation. 	It is 
probable that this occurs in all metaatriate ticks, the males 
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of which always feed before inseminating the female on the 
host. 
Where feeding is not necessary for sperm maturation 
it would appear that the nidicolous habit has enabled the 
male to dispense with feeding altogether, and in this 
situation the male is rarely found on the host (e.g. 
I.canisuga). There are anidicolous prostriate 
species, however, such as l.ricinua, I.holocyclus or 
I. cavialus in which the males have retained the host 
seeking behaviour in order to mate with the female. The 
majority of metastriate ticks are also anidicolous and it 
seems quite probable that males and females are closest 
together on the host, not on the ground, so it is not 
surprising that it is necessary for the male to feed before 
it can fertilize the female and that the female will not 
complete full engorgement and detachment before it has been 
fertilised. 
RESULTS of Ornithodoros oonioepamaritimua 
Descrixtion of the stages of O,c.maritimua obtained from 
St. Abba and Puffin Island. 
Picks were caught at Puffin Island on 29.4.71; Table 
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16 shows the numbers of each stage and their degree of 
engorgement. 
Full Dimpled Sunken Total 
Males 0 12 
t 	I 
22 34 
Females 8 17 10 35 
Nymphs 5 54 93 152 
Total 13 83 125 221 
Table 16 
The degree of engorgement was determined by eye 
using the following body cross-sections as criteria:- 
FULL 	 TSi I V, PLkT) 	 SUKK 
1*! 
All stages from Puffin Island were maintained at 
270C and 753 relative humidity prior to feeding, During 
this time four of the full females laid eggs and one of the 
full nymphs moulted. Comparable figures for the other 
two categories together are:- one female oviposited and 
no nymphs moulted. All sunken and dimpled stages were 
subsequently fed on either Herring Gulls or White Leghorn 
chicks between seven and thirteen days after capture. 
When analysing the results it has to be borne in mind 
that there may be several nymphal inetars represented in 
this collection of unengorged Puffin Island nymphs, as may 
be seen from the following figures:- 
.Stage Puffin nymphs Laboratory reared 
wild caught 3rd. stage nymphs 
Weight 1.0-6.9 0.95-1.8 
range 
(ags) 
Weight, however, is not a reliable character for 
determining the inatar to which an individual argasid tick 
may belong, especially when the number of nymphal instars 
is not known. This is because individuals may engorge more 
than once during each instar and because it is not possible 
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to determine when a captured tick last fed. A more 
satisfactory character is the size of one of the rigid body 
parts, such as the first tarsus or basis capituli. The 
latter is preferable because it is necessary to mount the 
tarsus on a slide to obtain accurate measurements. The 
width of the basis capituli was measured in 170 nymphs 
from St. .,bbe t 20 from Puffin Island and 33 individuals of 
known stage reared from eggs laid by Puffin Island females. 
The results are indicated in Histogram 1. There appear to 
be at least three peaks. At the time of writing no moulting 
had occurred in engorged fourth stage nymphs (laboratory 
reared) so it is not known whether the next stage will be 
adult or nymph. histogram 2 is based on the same character 
and shows the range of 50 males and 30 females of this 
species taken from St. Abba. 	It can be seen that the females 
are larger than the males which in turn are generally larger 
than the nymphs. There is a peak in the nymphal size - 
distribution between that of the fourth stage nymphs reared 
from eggs laid by females from Puffin Island and that of 
males from St. Abbe. 
The ticks found at Puffin Island and St. Abba were 
morphologically indistinguishable from either Ornithodoroa 
Histogram I 	The numbers of nymphs Of 0 cQritimus having 











caenaia or O.opnicepa. 	It is only in the larval stage 
that these two species can be separated on morphological 
grounds. Sonenshine at al. (1966) state that the 
larvae of 0. coni.ceDs regularly have 12-15 pairs of dorsal 
setae and a dental formula of 4/4 whilst those of 
0.caPGIk8i8 have 22 pairs of dorsal setae and a dental 
formula of 5/5. Larvae reared from eggs laid by Puffin 
Island females were sent to Vermoil who stated in reply:- 
"Ii m'sate
/ 
 possible d'tudier lea ]arves qua vous 
ra'avez ath'easeea at it a'agit bien an effet d'Ornithodoros 
coniceps niaritima, comma vous l'aviez vous-meme reconnu." 
The effect of host type on the viability of Ornithodoros 
coniceps mritimu.a 
All stages of this species Led to repletion on both 
adult Herring gulls and White Leghorn chicks. Table 17 
shows the average weight increase of nymphs after feeding 
on these two boats. 
]Number: On ngorging Moulting Mean initial Mean weight increase 
weight(gms) as proportion of initial 
weight 
Host 
Chicken 10 10 9 2.5 14.2 	± 0.316 (3 E) 
10 10 9 2.0 3.9 	0.102 
11 11 9 1.3 3.7 	0.878 
12 12 6 1.1 3.1 	0.069 
Gull 17 15 15 2.14 14.2 	0.1147 
18 18 18 2.8 2.9 	0.1146 
19 18 13 2.5 14.8 	0.137 






There is very little effect of the different hosts 
on the size of the blood meal, the numbers engorging and 
the moulting percentage. There is, however, a larger range 
of standard errors of the sample means in the ticks fed on 
chicks. 	This tick, although it seems to be confined to 
seabirds, appears to feed equally as well on domestic chickens 
as on Herring Gulls. All ticks fed readily except those 
adults that were being refed. 
Nymphs maintained at 200C were able to feed within 
two weeks of moulting; they were not tried at an earlier 
time than this. 
Five day 31d baby mice were then tried as a blood 
source. Newly caught flat second and third stage nymphs 
from St. Abbs were divided into two groups of which one was 
fed on a White Leghorn chick in the manner described on page 22. 
The other group was loft to feed overnight on mice in a beaker 
covered by nylon chiffon secured by a rubber band. The 
whole was placed in a water bath at 390C. Table 18 shows 
how these two groups of ticks fed. 
Number: On Engorging uioulting Initial Mean weight Moult 
weight increase duration 
mgma 
Host 
Mouse 18 13(3 died) 	10 0 1 8 1.8 11 
Chick 10 5(5 did not 	5 0.7 3.3 11.25 
feed) 
Table 18 - The weight increase and numbers moulting of soft 
ticks on different hosts. 
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Coxal fluid was emitted during and after feeding and 
it is possible that this may account fbr the different weight 
increases between these two groups because those fed on baby 
mice were weighed more than 12 hours after feeding whilst 
those fed on the chick were weighed within one hour of 
feeding. 
Feeding the ticks on birds was not easy; this is 
usual in both the Argasidae and the Ixodidse. Some fed 
Immediately they were placed on a host while others appeared 
unwilling to teed: these were found to attach if held to 
the skin by a light finger pressure. 
The mou1tin.iting and ovipopitiori of Puffin Island ticks 
On an avian host 70 out of 79 dimpled and sunken nymphs 
engorged within two hours. The degree of engorgement on the 
different hosts is given in Table 17. Of the remaining nine, 
six were lost and three did not engorge. Engorged nymphs 
were divided into several groups and kept at the following 
regimes:-. 16,20 and 270C and 75'3 R H. 	The moulting times 
are shown in Table 19. 
714, 
Temperature Moulting time 






Chicken 27 18.3 	0,714 10 9 + 1 dead 
H 16 54.3 	1,66 10 9 + 1 dead 
Gull 27 18,72 	0,6L1 15 15 
20 50.1 	3.9 19 8 + 5 moulting 
60 days 
+ 	6 dead 
16 57.33 	1.2 18 6 + 12 moultin1 
60 days 
Table 19 - The moulting of laboratory reared wild nymphs 
at different temperatures. 
Adults fed readily for te first time after emerging 
froi nymphs (32/35). After this they were maintained at 
temperatures of 16,20 and 27°C. The numbers ovipositing 
are given in Table 20. The oviposition time of wild Puffin 
Island females are also given. After two months a host was 
offered to 17 of the gull-fed females that had not laid eggs 
and ten of these engorged. 
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16 10-Gull-fed 1 4 13 days 29 
16 14 - - 
o) 	20 5- 	" 	 " 5 - 
d) 	27 " 	 " 14 1 6 7 days 10 
of '5-Chick-fed 14 1 40 8 days 11 
9(wild 7 14 á 6 days 
caught 1 0 9 days 12-15 
engorged) 
These ticks had been caught as adults 
Table 20 - Oviposition and hatching of Puffin Island ticks. 
This table shows that oviposition occurred either shortly 
after engorgement or not at all for at least five months after 
engorgement despite copulation having occurred and despite 
10/17 having refed after two months. 
Larval survival was not more than ten days at 270C 
and 75 R ii and was about thirty five days at 150C and 75 R H. 
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The moultin of laboratory reared larvae and ay awha. 
Larvae that hatched in the laboratory were sprinkled 
on to a Herring Gull chick 25 days after the first larva of 
the batch had emerged. The mean feeding time was 4.94 days 
(range 4-6). The engorged larvae were divided into three 
groups and held at temperatures of 16,20 and 23 0C and 75,b' R H. 
Table 21 snRmIriaea the moulting times. 





Time to moult 2 
(after moult 
23 25 5.5 6—? days 
(5-7) 5 ie 6 days 	bo further 
data 
2 	8 days 
20 20 7.95 Only data is 	28 days 
(7-12) 
16 5 12.8 22 (32-34) 
(12-13) 
Table 21 - Moulting of larvae at different temperatures. 







Graph II The post- engorgement developmental period of O.c.moritimu; 
01 different temperatures. 
77. 
No information has been obtained regarding the feeding 
of larvae on domestic chicks. 
After the larval moult the first nymph was motile for 
several days and then moulted to the second nymph without 
feeding. The second stage nymphs that emerged at 20 and 
23 0C were fed on a Xbite Leghorn chick between 14 and 26 days 
after they had moulted. They were then divided into three 
groups and held under the same conditions as the engorged 
larvae. The moulting times for these are given in Table 22. 
Those at 23 and 200C moulted normally to third stage nymphs 
while those at 160C had not moulted 140 days after emerging. 
These latter were then offered another feed and 9/11 refed when 
they approximately doubled their weight (80.100%). 	These 
had still not moulted within thirty days of the second refeeding. 
The third stage nymphs that hatched out were fed on a 
White Leghorn chick between 9 and 23 days after emerging from 
the previous instar. 	Phey were then maintained at either 
23, 20, or 16°C. Table 22 summarises the post engorgement 
development times. 
78. 







23 13 15.3 	17.2 
All fourth 
20 13 22.1 	33 	stage were 
nymphs. 
16 11 - at Lu days 
9/11 refed then. 
- at 30 days post refeeding. 
Table 22 - Post engorgement development times of 2nd. and 
3rd stage nymphs. 
DISCU3810Z 
The Identity of the British Ornithodoros species 
This species, the only known Ornithodoroa species in 
Britain, has been observed to have four nyniphal instars 
although it probably has five or six, because larger than 
79. 
fourth instep nymphs were found in the field (Histogram 1). 
It is possible that the maIs moults from the fifth and the 
female from the sixth inetar nymph (Histogram 2). This is 
the pattern found by Jobling (1925) in 	 and by 
Cunliffe (1922) in O.a*vjnyi and by Davis and Mavroa (1956) 
in 0. conices oonioeDaL. Colas-Be icour and Ragesu (1960), 
however, fomd that 0. cspsnai.s has 2-3 nymphal instars and 
Eoogetrsal it *1. (1970) round that O.nHesebeckj has 2-5 
nymphal meters. 
There is some uncertainty as to the status of 
O.CQULOCDC maritisus. The adults and nymphs of 0.caDenst5 
and 0.c2nice have a similar morphology and it is in the 
larvae only that there are well established ditferenee. 
Vermeil and Marguet (1966) examined larvae of O.coniceps 
from marine and land birds and larvae of O.caDenais and on 
the basis of their results eetsbliehed the subspecies 
O.00niceDs aaritimus. Their larva of 0cpDensje is the Same 
as that of Jonenshine (1966). A search of the literature 
since 1966 has revealed no opinion challenging these conclusions 
although from correspondence with Ioogstrsal it is clear that 
he dissents from Vermeil and arguet'e findings since he 
state. that "Q.c.aaritisua is a synonym of Q.caenais." 
It had been generally held before 1966 that c.cacnis 
was a parasite of seabirds and that t4,colaice2l was a parasite 
go 
of landbirde (Hoogstrasl 1962); this despite the tact that 
O.coniceps had been reported several times from marine birds 
In North frica (Vermeil et a].. 1958). 	It appears that the 
British species is different from O.ca,ensi8 in two important 
respects, namely the increased number of nymphal instars and 
that its larva has a dorsal setal pattern closer to that of 
O.ponjces than to that of u.cpDensis, Larvae reared from 
eggs laid by Puffin Island females were sent to Vermeil who 
stated that they are similar to his subspecies. Therefore, 
it appears the best course to refer to the British species 
by the name urnithodoros conicepa mirjtimua. 
This is the most northerly known occurrence of this 
tick species and it would seem likely that it occurs in other 
seabird colonies on the coasts of Britain, especially where 
the substratum is fragmented, as at 131t. Zbbs and Puffin 
Island, thus affording shelter behind which moulting and 
oviposition can occur. 
The effect of different hosts on the feeding and r4oulting 
of Q.c.uaariti,nius. 
kiis tick has never been reported as parasitising 
mammals so it is surprising that there is a similar moulting 
rate between the second and third ixiatar nymphs fed on either 
81. 
baby mice or chicks, Davis and Mavros (1956), however, report 
that O.conicoa (probably O,ponicepp coniceps) fed 
successfully in all stages on mice and guinea pigs. There 
are some species of soft tick, however, that appear to be 
pccu1iar 	to birds. 	Argps arboreus , for instance, 
when fed through a membrane had a moulting rate of 6 on 
rabbit blood compared with one of 960' on pigeon blood and 
66 on chicken blood (Tawfik and Giurgis 1969); living hosts 
were not used so these experiments could be confounded by the 
introduction of bacteria into the blood prior to its being 
fed to the ticks. 
igglesworth in review (1960) stated that whole blood 
and components of blood from different hosts affect egg 
production of many insects in different ways and that there is no 
known reason for these differences. The reason for the 
successful moulting of O.cgmaritirnus nymphs after feeding on 
baby mice is not known but it is possible that remnants of the 
first or second feed on avian blood were still present in the 
gut after moulting. On the other hand Davis and Mavros (1956) 
were able to rear larvae on mice so it appears that both 
subspecies of this species may truly be able to utilize 
mammalian blood as a food source. 	It would be interesting to 
see if larval engorgement or egg production in the subspecies 
82. 
i. csritius were adversely arrested after feeding on mammalian 
blood. 
It has been pointed out that Izçjp'pe was unable to 
engorge successfully on chickens due to a cellular reaction 
occurring at least one day after .ttaoh.nt. The argasid 
nymph, however, takes only ten to aixty minutes to feed and 
therefore the possibility of an immune reaction occluding 
the mouthparts does not occur, It would appear therefore that 
there are tues when there are eub3t8noe in the blood that 
can be toxic to i.muual Parasites such as Arwas arboreus and 
tines when unusual blood $.e not toxic, as in O.cn1cpDs 
subspecies. These toxic substances bye not yet been 
identified* 
Ovioosition 
Table 23 shows the pr.ovipoeition times of SOB 
args.id species and inc]udss the result. of Table 20. 
83. 





0,mueaebecki 27 22.8 	 6.8 Hoogatraal 
et al. 1970 
0.moubata 30 9 	 8 Jobling 1925 
0.savignyi 30 17 	 - Cunliffe 192 
A. arboreus 27 22 	 8 Kaiser 1966 
O.eoniceps 30 ? 8 1 16 Davis & 
Mavros 1956 
0.c.maritimua 30 ? 6-15 
16 <29 days 
Table 23 - The preoviposition times of some argasid species. 
There is little information regarding the preoviposition 
and hatching times at around 150C of these other species, many 
of which live in hot arid situations; it has thus become 
standard practice to measure moulting and hatching times at 
27-300C. This temperature is never attained as a daily mean 
temperature at either St. Abba or at Holyhead (near Puffin 
Island) (Tables 12 and 25). 	The parous states of the laying 
814. 
females of 0.c.maritimus are not blown, with the exception of 
the one female on section (a) of ?able 20. The large number 
of fertilised females that failed to lay eggs for five months 
at any temperature may be due to an artificial inhibition 
induced in the laboratory or it may represent a diapause by 
which this tick is adapted to parasitising a seasonal host. 
There is evidence for the latter argument as Table 214 makes 
clear. 
Time of collection 	 Spring 	Autumn 
and feeding 
Status of tick 
Wild caught engorged female 	5/9 (after 2/20 (after 6 
20 weeks) 	weeks) 
Wild caught unengorged female 2/19 " 	2/20 
fed in laboratory 
Laboratory fed female 
	
3/10 (after - 
reared from nymph 
	
12 weeks) 
Table 214 - Summary of numbers of ticks ovipositing and their 
nutritional state. 
85. 
Table 214 makes it clear that engorged females of 
Qc.maritiau.e have two ovipositional states:- One in which 
there 18 an uninterrupted process of ovogenesis and oviposition 
and another in which one or these two processes is interrupted. 
Such an interruption would be advantageous to the 
continued existence or this species in Britain because if 
tamales engorged and oviposited in the same year then the 
resulting larvae would have to teed soon after emerging so as 
to avoid dying before the next season (Table 19). There 
might be several years, however, when the temperatures were 
such that the development of eggs would be delayed so that 
larvae would emerge after the hosts had left. This can be 
seen by considering the estimated threshold development 
temperature (Graph 12) in relation to the monthly mean 
temperatures of Dunbar and Holyhead (Tables 12 and 25). 
That a period of years of such low temperatures is possible 
is shown in Table 25. So one would expect that a delay in 
oviposition until early the next season to be advantageous 
for these ticks. 
Table 214 shows that there was a significantly different 
oviposition rate between spring and autumn engorged females. 
It is, therefore, suggested that these autumn collected 
females would not normally have oviposited until the spring 
Graph 12 
	
Velocity of embryonic development of O..maruLimui 
4 
Velocity x to 
Timperotu r( 
(when there In the higher rate of oviposition (p 0905) ), 
The diapause my not always be shown and this my on- lain the 
10 oviposition rate in the other categories. 
Month 1 234 5 6 7 8 91.01112 





- - - - 
U- 
- 
Table 25 Annual scan monthly 9 some air temperature at 
Ho]yhsad 1901..1950 (Met. Office Reports). 
It is, of coiwss, possible that the larvae of Q.c, asr]tiwu 
can survive much longer at higher relative tiiaaiditiea than the 
times shown in Table 19 although 9odenheincr (1934) showed 
that larvae of OconloeDe conioso survived for only 30 days 
at 15°C and 100 	H, Alternatively they any be quiescent at 
their hatch altos until the following spring, as appears to 
occur with the larvae of ixudes ariesi but there were no 
egg batches or larvae tund on the visit, at 24,9 or 13.10. 
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What must be emphasised, however, is the much faster larval 
hatching time of this species compared with that of I.uriae 
Table 14) which allows feeding in the same season as that In 
which the eggs were laid. 
rhe mQ.ltirw of O.c.maritimua at different temperatuzg 
The first nymphal instar moults directly to the second 
without feeding. 	This process appears to be temperature 
dependant and has also been shown to occur by Iloogstraal at al 
(1970) in 0.inuesebeoki and by Colas-Belcour and Rageau (1960) 
In O.capens. 	A similar pattern was found by Jobling (1925) 
in O.moubata and by Cziliffe (1922) in O.sav1pnyi but in these 
it i8 the larva that does not feed; indeed it often remains 
within the chorlon and it is the first nymphal instar that is 
the first mobile stage. 
The post-engorgement development times of the Puffin 
Island nymphs are longer than those of the laboratory reared 
nymphs (Graph 11). This graph shows that the development 
time of a particular instar is longer than that of the 
preceding inatar at any particular temperature. 30 it is 
possible that there were many late inatar nymphs in the Puffin 
Island collection. 
M. 
The absence of moulting by second stage nymphs held 
at 160C after seventy days is curious. There may be two 
reasons for this delay. Either the minimum temperature for 
development is greater than 160c or a diapause occurs. 
This tick however exists in large numbers at Puffin Island 
(Hobart and Whalley 1954) where the average monthly mean 
temperature does not exceed 16 0c. 	it is thus probable that 
a diapause occurred in these second stage nymphs. More 
information is needed regarding the velocity of development 
at different temperatures and the induction of diapause in 
this species. 
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ABSTRACT OF THESIS 
The presence of Ixodee uriae (Ixodidae Acarina), a parasite of seabirds 
exclusively, was confirmed on the Islands of the May and the Base and was 
established at Craigleith Island and at Petticorwick Bay, St, Abbe. It was 
found to be most common in guillemot colonies. This tick is circumpolar in 
distribution and lives in both hemispheres and various explanations for its 
distribution are proposed. In the light of subsequent observations on the 
duration of the embryonic period, post-engorgement developmental periods and 
the process of feeding of both Scottish and Macquarie Island (Antarctica) 
individuals it was concluded that a photoperiodically induced larval feeding 
diapause might be the mechanism by which the distribution of this tick is 
determined, It was further established that this tick has the lowest known 
threshold temperature for development, at all stages, of any tick. 
The activity of this tick was observed on Craigisith Island during 1971 
and it was found that there was a peak of feeding during May, while hosts were 
present from the third week of April until the first week of August. Hatching 
of larvae and emergence of nymphs and adults from their previous inetara was 
accomplished in the field by the end of October. 
In the early part of 1971 individuals of the Ornithodoi'os oapensis 
(Argasidae; Acarina) complex were collected at Puffin Island, Anglesey to find 
out its host preference, if any. It was established that these individuals 
represented the subspecies Ornithodoros conicepa maritimus Vermeil and Marquet 
1966 on ground of larval morphology and nympha]. biology. It appeared to 
perform equally well on baby mice, Domestic chicks or Herring Gulls. 
This subspecies was found later in the season at Petticorvick Bay, 
St. Abbe. This is the second time only that it has been reported from Britain 




Use other side if necessary. 
